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-To date the use of lasers in space programs has

been highly experimental. Two categories of applications

have been attempted, ranging and voice communication. The

ranging systems have been more successful and are being con-

tinued. The single voice communication experiment failed

to achieve its objectives.

" Laser Ranging Exveriments

Laser ranging experiments were carried by four

Explorer Satellites: Explorer 22 (Beacon-Explorer-B) launched
on October 10, 1964; Explorer 27 (Beacon-Explorer-C) launched
on April 29, 1965; Explorer 29 (GEO0S-A) launched on November 6,
1965; and Explorer 36 (GEOS-B) launched on January 11, 1968.
Al)l of these satellites carried optical retro-directive corner
reflectors to reflect laser beams originated from a ground )
station. The range measurements are obtained by measuring the
time lapse between the transmitted and received laser pulses.
Descriptions of the laser ranging experiments for the Explorer 22
and Explorer 29 missions are attached; this information was
extracted from NASA news releases (Attachment 1 and 2). A more
detailed description of these experiments and some results of

~the tracking experiments with the Explorer 27 and Explorer 29
spacecraft appeared in the November 1967 issue of IEEE Journal
of Quantum Electronics. The titles and authors of applicable
papers are:

1. "A Laser Satellite Ranging System - Part I:
Equipment Design,” by T. S. Johnson, H. H. Plotkin,
and P. L. Spadin. :

2. "A Laser Satellite Ranging System - Par II: Analysis
of the GSFC Laser Ranging Data,”" by S. J. Moss
and V. T. Vells.

_ Recently, an earth-moon laser experiment was conducted
using the Surveyor 7 spacecraft which is on the lunar surface.
Several Earth based laser sources were aimed at the Surveyor 7T
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with its television camera aimed in turn at the Earth. The
video information from the Surveyor television system was
then transmitted to Earth via its regular microwave communi-
cation system. The description of the experiment, from a
NASA news release, and a photograph of the image taken by the
Surveyor television camera are attached as Attachment 3. A
more descriptive article of the experiment appeared in the
January 22, 1968 issue of the New York Times and is also

.attached as Attachment 4. I
f

Voice Communications Experiment

A laser volice communication experiment was carried
on the Gemini VII spacecraft. Three ground stations located
at White Sands, New Mexico, Ascension Island, and the Hawaiian
Islands, were implemented for conducting the experiment.
Briefly, an Argon laser beacon was aimed at the orbiting
Gemini Spacecraft by slaving the laser telescope to a C-band
radar at the same site. The astronaut onboard the spacecraft
was to seek visually the beacon signal by sighting through a

~telescope which was boresighted to the spacecraft laser trans-
mitter. Upon receiving the beacon signal, the astronaut was
to - either send a 100 pulses per. second data train or an 8,000
pulses persecond signal which was capable of conveying audlo
back to the ground station. The laser transmitter on the
spacecraft consisted of an array of four gallium arsenide diode
lasers with a total peak power of 20 watts; the modulation
method used was pulse frequency modulation.

With the exception of sighting the ground transmitted
beacon signal by the astronaut, the experiment was not success-
ful. ’

The failure was -the result of:

1. The change in Gemini VII flight plan which
eliminated the desired ground coverage from
White Sands. This station was planned as the
primary experiment station and was equipped
with the best instrumentation.

2. Ground equipment failure at the Ascension ’ )
and Hawaii stations. , . T
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3. Bad weather conditions over some of the stations
during - some spacecraft passages.

An excerpt of this expe}iment taken from the official
NASA Gemini VII Post-Mission Report is attached as Attachment 5.

(e
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extracted fromn:
HASA Release ilo: 65-333 Dated!Dct, 29, 1965
Project: Geodetic Exnlorer-A (5:20S-A) ' .

Subsenquently .de3ignated .as sxplorer 29
¢ ‘ ‘ N [ ] o !
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Iaser Corner Reflectors

Quartz-cube corner feflectdrs, or prilsgms, oh'the satellite
) A

will be used for'optieélly heasuring Fhe satellite range and
. . . 1y - [] ' . .
- angle. T Sy ' '
The 322 cubes, mouﬁted on fiberglaés panelé, will reflect

pulsed beams:of light directed at the satellite by ground lascr

+  light can be picked up by a greund.tdleocope and amplified oy .

' traﬂsmitters when the satellite is withir "ange. Reflectbd

a photomutiplier tube that convertsfhe optical lmpulses to an

. electrical signal.I.A.digital counter will record the time at -
L A - . N ) ' ! .« 0

which ‘the beam of light is retufned to kne grouni. )

) Another system photovraphs the reflected laser pulse againsv

the stellar background e ' AOf . ' ' s
Total travel tine of ‘the light.pulsee,'from ground o |

-satellite and back to the ground is a measurc ‘of the distance ‘ ."‘

to the dauellitc and‘thus forws the basiu of tne satellite

optical laser trackinv systen being developed by NASA Goddard
R A
~ Space Plignu_CenLer. "

T S -rrore- : '
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.'Gencral Electrjc Space Technology Center.

will direct a pulsing beam ‘of red light towarq thé gatellite.

- tion of tne satelllte reflectors during the early nighttima

. o ‘.—‘ 7.'- L "-" ’

-

extratted from: _
NASA Release o: 64-237 e Dated: Jct. 4, 1964 -

Project: Beacon Explorer-3 (BE-B)
Subscquently designated as Zxplorer 22

Attachment 2

THE LASER EXPERIMENT -+ =« -=- -
A I " :

N FINEEA Y *|‘~ .!:. . i.:-' . Ar.;'.:.:" . ;::.: s

Tne Beacon Explorer will carry a ld—pound array of fused
[ R

sillica glaés'refléctors designed to return back to Earth light

aignals aimed at 1t from'a laser transmittev.

Mounted on the satellite's body Lre 360 one-inch glass

prisms-called "cube-corner" reflectors. These are constructed .

|
in such a wav that 1ight strikinp them from almost anv angle

'will be -returned %o 1ts source, They are arranged in the form:'

of an ejght- “s1ded truncated pyramid deéigneq and bu1lt by _:.3. .

X ' - o
In one of the experiments,’a 1aser unit mounted on an '

18-irich diameter opLical telescope housed in a 60- foot high
tover located 20 miles south of NASAt's Uallops Station, Va., ;

Goddafd‘experimenters plan to attempt ithe first illumina-

padses over Wallopo Island, ; o -:,~l.q- Lot T
- Y : ooy T .o
oo . v ° o

'
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The planned orbdbital altitude of about 575 miles will

pPlace the Beagon Explorer at a typicallslant range of appro

- mately 1,000 miles when it apoearsa by reflected sunlight as

& star of about the ninth magnitude--20 L¢ncs faintor than a

;star which can be seen by the ndked eye,

The lascr system is mounted on an IGOR (Intefcept Ground

_sounding-rockéts. ‘Opérators will aim the telescope along the

predicted path of the Beacon Explorer and when they locate .it,

- they will "flash" the laser light -at a rate of one flash per

second,

If 21l goes acco&ding to plan, the refleclor array will

"be 1llumninated and will return a small portien of the light:

{

photomultjnlier tgpe.(a device'tﬂat
converts optical 1mpu]s&s to elect lcal sighé]s) A digital
counter will record how'pong 1t took for the light signal to
go and come back, . R

" I

C -

bi"

Optical Recorder),teiescopg normally used by Wallopé to tfack -

" energy to the telescope. The reflected signal will be auto-

. . e, _ "
In the event of overcast or inclement weather, illumi-

. Lol
I S

nation attempts will be delayed until'opticai sightings are

i

- emore~
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more precise than those obtained throuah other tracking pro~
’5-lite orbit more accurately.u

will be performcd on telescopes near Goddard over a period

of several months after launoh ' A

, which becomes highly energized as 1t gathers light energy from

il . . S
':-i’v‘ ] ‘ . [

! Attachment. 2 (continued)
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”he measurements of time between initiation of the light

siznal and reception at the photomultiplier will give the
precise distance of the satellite for Jach second of time. . | -
These values will be recorded at thn telescope site and later .
sent to Goddard where they will be ﬁompAred with distances
calculated from other trackinv instrumonts, such as NASA's
Space r"racking and Data Acquisitioh Network (STADAW)

: * V.o . | 0

nhese optical distance measurenents are expected to be

{cedures and. may be used to define the Beacon Explorer. sat°T S )

Other laser tracking experiments :

. . . . ]
. R .
. . - .
1] e i M - ) . * - . 4

Results of the experiments may lead to' a. more definice

determination of the Earthts shape and development ‘of improvtd ’

o b

systems for future optical tracking and communications.

.- ' . D

The Jaser system employs a six inch synthetic ruby rod

a Xenon gas- filled flash lanp.mounted closely paralled to it

T

in a barrel like mctal and glass housing

The rod-is designed
‘so that both ends are polished to act like mir ors. The vhite ..
lignt fr0m the flash lamp excites chromium atoms within the |

rudby rod uhich then re- cmit light of a uniform color.

-more~ °

e a0 A are thCy T
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As this red light is reflected back and forth inside
the rod, the”bpuncing ﬁays Hiﬁ other excited chromium atoms

, _ . T
and "stimulate" them to give off more red rays.: It is from

‘this stimulated emission that the laser (1light amplification

through the stimulated emission of radiation) gets its name. .

Trhese rays are in phase with each other and are parallel to

each other as they bounce back and forth between the reflecting

“rod ends, Scientists term this "coherent" Yight,.in contrast

with random sources having diffuse characteristics such as
~ (

the Sun, electrical and neon gas 1%mps.

Vithin a fraction of a‘millibnth of a second this chain
reaction builds to a powerful beam that "bursts" out one end

of .the rod whlch has been made more transparent than the other.

**The laser light can be direocted into a narrow‘poncil bean which

: does not lose its effecﬁive strength before reaéhing the target.

[elP
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TELS.
* WASHINGTON, D .C, 20545 L ¥/O 3-4925

7 RELEASE:  IMMEDIATE ~

< January 17, 1968
~ ) o . JH i &2 “308
RELEASE NO: 68-13

LASER BEAMS CHECK AIMING METHODS

Earthbound scientists wili be directjng their laser
beams this week toward the landing site of Surveyor VII

. -on the Moon to check their aiming methods for later Apollo

* expcriments.

The television camera aboard the Surveyor spacecraflt

will be used in attempts to photograph the "squeo;edﬁ beams

. of light which can be directed from any one of a series of

.

s3x Earth stations, . . | 7‘\\5\\>\\

Tests are planned on the nights ofzJan. 18, 19 and 20.
Preliminary exercilses were held Jan. 12 and 13, SuEVeyor VII.

was successfully landed on the Moon Jan, 7 by the National " S

Aeronautics and Space Administration. -

T Lemores . 1/18/68
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Lasers at these Earth stations throughout the country

are coupled to various types of telescopes, The green argon;-
"3on laser beams they direct at the lMoon will be only a few

miles wide, at the lunar distance of a quarter-million niles,

i : Factors beyond the control of scjentists on Earth such
as glare from the Sun entering the camera on the Moon, and

" twinkling caused by atmospherlc turbulence on Earth may make

o et

..detection difficult. The photos would then be processed by

an enhancement technique like that used last year on the Mars

PP

photos taken by Mariner IV.

If these englneering tests prove successful they will

o
N
et ttded Asdn

help scientists evaluate their technique for aiming 1aser'beams

points and an optical retro-reflector array on the Moon. The

at objects In space, The tests are considered a prelude to

an Apollo experiment to measure the distance betweeﬁ Eartﬁ :

‘.scheme would afford a precision not now available.

Prof. c. O, Alley of the University of Maryland's
Department of Physics and Astronony is principal investigator,

assisted by Pror Douglao Currie, of the same university.

Temore-

S e e e e e .
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~0£her‘scientis£s involved and their 1ocations are
" Frof, S, K. Poultney, University of Maryland, and Dr, James
Brauit, Kitt.Peak Natlonal Observatory, at the McMath'Solgr
Telescope, Tucson, Ariz.; Prof. James Faller, Wesleyan Uni-
versity, Middletown,'Coﬁn.,,at the.Raythepn Research Laboratory,
‘Waltham, Mass.; Dr. Henry Plotkin, at NASA's Goddard Space
Flight Center, Greenbelt, Md,; Drs, Robert Kingston and Hoyt
Bostick, at Lincoln Laboratory,.Cambriége, Mass.} Michael

Shumate at Table Mountain Observatory, Brightwood, Calif,, and

a group from the Perkin-Elmer Corp,, at Norwalk; Conn,

wend-.

Attachment 3 (continued)y )
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"Tis phoetograph is @ government publication -- not subject to
Lepyright,

it onay not be used to state or imply the endorsement by NASA or by
alvy NASA ewployee of a commerciel praduct, procese or serxvice, or
iwsed in aay other manner that might mislead. Accordingly, it is
reguested that if this photograph is used in advertising, posters,
I=x3ks, ete., layout and copy be subnmitted to NASA prior to raiease.

rebiagion - Lizer beans zimzd toward the lundlng site of
uiey o VIE are ;hcwr as thay w2re monitored lan. 26, 1258, Wy
“he telovizion ramerxa oard the HASA spacecraft and xslaved
fank to Eavth., The m:ag iasting points ¢f the lzsex beamag at
nitt Pasak Tational Obzayvatory ia Tueren, Avizoas 'oichit): and
Jzmizle Mountain @lse arory at ¥Wrightwood, Cal., (1a28t); are
niicztad by the zrrow on the dark side of the Zarth. The

st 23 acen froe tﬁe ¥oon by Surveynr VIF aoreEys ag a cresgcend,
irh the 1iiumin teé aoirtlon to the wcuight, The lasar beans

b

m 2arth to the Moon ware *ha?owrabhed by the
zrenzutics and Space PIndnt:itration's Survoyosr Vil's
sicture trznesmitted back to Bsrtnn
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ourveyor 7 Again Relay
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' By EVERT CLARK
)

SN Kpectat to The liew Yotx Tinves

'vny propram director for the
National Arronautics and Space

Administration, gaird that \the!

!:dc;/ice and sampling the soil's
smineral content.
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“Late last night word came
from Pasadcena that the experis

© WAt TIA: The laser experimenters wercline : been a success.,
[ WASTHNGTON, Jan, 21—The tentn “demonstrated the feasl] } ment had Indeed been a success,,

. eye [/
Surveyor 7 spacecral. on thebility of a really revolutionary

allotted a few 10-minute periods
to heam the liphts toward Sur-

: ) 0 nary| » . . A
Imoan again photoprephed twotechnology and made all ”-lnd»rlvcyr)r. The beams are ahout Lol {0FNIa for this morning’s repeat

Y s T ]
laser Learas fmm the carth to-f revolutionary applications of‘

it scem possible.” \
“We have alsn proved thait

Uesdiphts were flashed from

inches wide at the carth, They|performance.

spread out to several miles at] Surveyor 7 has  returned

_ k Images of Barth:
. Beams’ T\aken | FrQ m Moon

Professor Alley stayed in (::\ii~l

v aountainlops in the west-
e alted States, just as they
wer - in the first test 24 hours
N T o
£ the images phatnpraphed
.. Sunveyor and reiayed back
o Caiilarnia by radio teday
were saarper than those in the
firsi tost.

Tais is the first use of light
o0 comiwnicate over such a
creat distance—almost 240,000

'

miles {0 Surveyor's site nearjbecause of weather and partly,have been photographed “early

the experiment definitely s re-
peatable,” he said. -

Little Power Used

The bcams,picked up by the
Surveyor camera’s small mirror
came from the Kitt Peak Na-
tional Observatory. ncar Tuc-
son, Ariz.,,. and the Table
«Mountain  Observatory near
‘Brightwood, Calif.
! Surveyor failed to see lasers
from four Eastern sites, partly

o

beams from an ordinary scarch-
light sbould be dissipated by the
atmosphere after a few miles.
\‘i At onc time scicntists at the
\

alifornia Institute of Technolo-
y's Jct Propulsion Laboratory

\ the distance of the moon. Thejabout 17,000 photographs since

it landed on Jan. 9, bringing the
total for {ive Surveyors-to about
83,000 pictures of the moon.

i1 Pasadena, which directs Sur- -
v

yor work, thought the lasers
m\ght have been photographed
eatly Friday morning. But the
results were inconclusive.

‘When the beamis appeared to

the praminent crater Tycho, onjbecause their locations wereyestgrday, Professor Alley flew

the moon’s southern face.

less favorable at the time.

from, here to the laboratory to

All previous communicationi Three to four watts of powerlcxam"nc the pictures.
A ] -

with distant spacecraft _has
been by radio waves.

The laser tests are consid-
rved highly significant for the
Tuture use of lasers in civilian
ind  military  communications
ind measurement in-space and
Jn earth.

rrof. C. 0. Alley of the Uni-
rersity of Maryiand, the prin-
tipal * experimenter,  said  in
rasadena that the moon's dis-
ance could now be micasured
‘0 an accuracy of six inches by
he precision light beams, a
trealec accuracy ‘than  that
ichieved by radar.

Apolle astronauts will mount
eflectors on the lunar module
hat drops them on the moon’s
wrlace. Then Professor Alley's
woup will try to pinpoint the
paceship’s location by beam-
P},_Lascrs at the reflectors.

was used by cach lascr — ahout
that in a bedroom night light.

But lasers focus light rays so
intensely that they can push the
rays vast distances. Lasers also
can pack millions of bits of in-
formation into a light beam, of-
fering great promise for com-
munications in space, where
dust and moisture do not scat-
ter the beam as they do in the
atmosphere. .

Space agency scientists and
Professor Alley’s group were
preatly pleased with their suc-
cess. The tests were intended
only to help perflect aiming and
transmission techniques for the
ater Apollo experiment.

The chances of success were
once considered marginal and
the tests had a low priority.
Surveyor 7 is busy photograph-.
ing the rough necacby. terrain,

‘.uu‘am_in_m' Milwltzky, . Sur-
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UNCLASSIFIED L an
8.1h  BXIERIMENT MSC-h 2 OLTICAL COE«ﬂanNICA’fIdII.’J

“8.1.2 Objective

The objectives of experiment M3C-L were to evaluate an 0pt1cgl
commwuications system, to evaluate the flight:-crew as a pointing ele-

ment, and to probe the atmosphere using an optical coherent radiator

~outside the atmosphere. .

8.1k.2 Equipmcnt

The expcriment equipment consisted of a gallium-arsenide laser
transmitter (flight hardware), and three instrumented ground sites,

each equipped with e flashing beacon and capable of collecting znd de-
modulating coded optical signals.

The flight laser transmitter was a small, self-contained unit whose
dimensions were 8.5 in. by 5 in. by 3 in. It produced 16 watts of op-
tical coherent power in short bursts that were coded in a meznner similar
to 2 home movie camera. Special infrared safety (spectral) glasses and
8 microphone were attached to the unit. A 6-power telescope in con-
Junction with a 100-angstrom f£ilier for fine tracking of the ground
becacon was integral to the unit.

The three ground sites specially instruuented for this equipnent
were located at the White Sands Missile Range, New Mexico; at Kauai
Island, Hawali; and at Ascension Island in the south Atlantic Ocean.
Each site operated in the same way. Each employ:1l an argon laser as
an optical beacon, each used large collecting telescopes, and each
slaved its telescope mount to an orbital-track radar. The sites had
Instrumentation adequate for voice processing and determination: of
high-frequency atmOSPherlc effects.

8.1L4.3 Procedure

Both of the flight crew members were given preflight beacon track-
ing expevience in the docking simulator room and experience in sighiing
the unit in a field situation. Data recorded on a spacecraft test were
to be complemented with static and aireraft fly-by field tests in an
effort to isolate all deleterious parameters affecting the data and to
determine a method of eliminating them. The ultimate goal is to iden-
tify almospheric properties affecting the equiprent and to provide
mathenatical models for future design efforts.

UNCLASSIF
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82 UNCLASSIFIED
&J.’}\.h Results

Unfavornble cloud condltlion: hampering thin experiment Lhroughout
the Gewinl VII misslon forced crumcellatlion of oll bub four abbempls,
The ground beacon was observed by the crew only twice in thece [our
attempls and this was for short intervals No colid frick could ne
accomplished by the crew in these short lntcrvalu, and no data were

recorded. The followlng paragraphs describe the four asttempts.

Revolution .79 over lawali — Even though' cloud cover in the pgeneral
area was favorable, the ground beacon site was obscured by a cloud.

Revolution 105 over Ifawaii — The crew saw the ground bezcon for
cbout 20 seconds. However, the beacon came in and out of view. /ftcr

the pass, it was determined thet o slaving data-corcector pazckzpge zt
the ground sile was not operating properly and did not zllow cloze
tracking of the spacecraft. ) :

Revolution 104 over White Sands — An equipment failure and compli-
cations with safety procedures delayed boresighting of the beacon with
the radar, and only a coarse boresight was accomplished. After the
pass, it was determined that the boresipght was off by 3 beam widths.

Revolution 119 over Vhite Sands — The crew observed the tewz-on
for 2 or 3 seconds twice during the pass. After the pass it wacs deter-
mined that reversed stator leads on the ground caused a poor track.

The argon lasers used as ground beacons caused severe problenms &t
the Hawaii and Ascension stations. The same type of laser hzd worked
well al White Sands during the Gemini V mission, and, in fact, worred
well dwring the Gemini VII mission. The Ascension Isl nd station wes
not able to get a laser to operate beyond boresighting. C

~ The problems encountered with this experiment were corrected in
the field with the exception of the laser deterioration. This problem
has been relieved by equipment modifications, but it is not ’ully
resolved.

8.14.5 Conclusions

Experiment M3C-l did not achieve any of the stated objectives.
However, the Information gained does indicate the following:

(a) Beacon lasers with greater adaptability to different eaviron-
ments are necded.

(b) A l-watt argon gas laser is visible.at orbital altitudes.

l\
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(¢)  The mreen rilter In Ceond ur Lhe: opacceral’t ancequloillon e
el i Lelescope hindern aeqgquisibion of Lhie Lenaeon,

(Q)  Very close inspection of Lhie Lenwon-telescope mounl ond
tracking-radnr mechaniom must be wintained on o doy-to-dny hacis Lo
inswe the necessoary close trock of the cpacecraflt.

_ R .

The Gemini VII crew has rccommondcd that a2 laser site be placed in
an area that is more cnglly 1cquL1ed, uu.!ch as ,Cape Kennedy.

Althouch the experiment was not successful on the Cemini VII nis-
sion, the major system parts have been proven. The laser beacon was
shown to be visible at orbital altitudes, static tests have shown that
adequate signal-to-noise ratios can be obtained, and previous aircrefi
fly-bys have indicated that the system can track to within the requlred
accuracy when the system is functlonlng properly.

UNCLASSIFIED
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